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(54) TITLE OF THE INVENTION: COAT FORMING AGENT FOR MICRO 
FABRICATION OF A RESIST PATTERN AND A METHOD FOR 
FABRICATING MICRO PATTERNS 
(57) Abstract: 
[Problems to be solved] 

To provide a coat forming agent for micro fabrication of the resist pattern and a 
method for fabricating micro patterns which suppress imnecessary 
cross-linking or buckling at the bottom of the resist pattern, and which allows 
forming a perpendicular cross-sectional surface, and a pattern which allows 
small dependence on a mixing bake. 
[Solution] 

Providing a method for forming micro patterns using a coat forming agent for 
micro fabrication of the resist pattern including a composition which comprises 
(A) (a) a water-soluble cross-linking agent or (b) a water-soluble resin and (B) a 
water-soluble nitrogen containing organic compoimd, and after forming a resist 
pattem using a chemically amplified resist onto the substrate, forming a coating 
film of the aforementioned agent, heat treating to form a 
hydrophobic/ water-insoluble reactive layer at an interface of the coating film 
and the resist pattem, and then removing a non-reacted portion of the coating 
film by aqueous solvent to obtain a micro pattem. 



1 



Scope of the Claim 
[Qaim 1] 

Coat forming agent for micro fabrication of the resist pattern, comprising: 
(A) at least one type selected from (a) a water-soluble cross-linking agent, 
and (b) a water-soluble resin, and (B) a water-soluble nitrogen containing 
organic compoimd. 
[Claim 2] 

Coat forming agent for micro fabrication of the resist pattern according to 
claim 1, wherein a contents of the (B) is 1 to 20 parts by weight with 
respect to 100 parts by weight of the (A). 

[Qaim 3] 

Coat forming agent for micro fabrication of the resist pattern according to 
any one of ihe claims 1 and 2, wherein a water-soluble nitrogen 
containing organic compound is at least one type selected from a lower 
alkylamine and a lower alkanolamine. 

[Claim 4] 

Coat forming agent for micro fabrication of ihe resist pattern according to 
any one of the claims 1 through 3, wherein a component of the 
water-soluble cross-linking agent in (a) is a glycol urU in which a 
hydrogen atom of an imino group is substituted by a hydroxymethyl 
group. 
[aaimS] 

Coat forming agent for micro fabrication of ttie resist pattem according to 
claim 4, wherein the water-soluble cross-linking agent is a 
tetra(hydroxymethyl)glycol urU. 

[Oaim 6] 

Coat forming agent for micro fabrication of the resist pattem according to 
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any one of tiie claims 1 through 5, wherein a component of the 
water-soluble resin (b) is one of a polyvinylacetal and a polyvinyl 
pyrolidone or both. 

[QaimT] 

Coat forming agent for micro fabrication of the resist pattem according to 
any one of the claims 1 through 6, wherein the component of the (A) is a 
combination of the (a) of 1 to 35 percent by weight and the (b) of 99 to 65 
percent by weight. 

[QaimS] 

Coat forming agent for micro fabrication of the resist pattem according to 
any one of the claims 1 through 7, wherein the agent contains (C) a 
surfactant containing a fluorine atom and a silicone atom within the 
molecule in the range of 0.01 to 1.0 parts by weight per 100 parts by 
weight of the component (A). 

[aaim9] 

A method for fabricating a micro resist pattem comprising the steps of: 

forming a phptoconductive layer which comprises chemically 
amplified resist on a substrate; 

forming a resist pattem by developing an image which is formed 
and exposed on the photoconductive layer; 

forming a coating film for micro fabrication of a resist pattem by 
coating a coat forming agent for micro fabrication of the resist pattem 
according to any one of the claims 1 through 8, on the resist pattem; 

forming a water-insoluble reaction layer at an interface of the 
resist pattem and the coating film for micro fabrication of a resist pattem; 
and 

removing a non-reacted portion of the coating fUm for micro 
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fabrication of the resist pattern with a solvent; 

wherein the steps are CEirried out in sequential order. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field Pertinent to the Invention] 

The present invention relates to coat forming agent for micro fabrication 
of the resist pattem, and to a method for effectively forming a micro 
pattern utilizing tiie agent for forming a coating film. Using the agent for 
forming a coating film for micro fabrication of a resist pattem, a fine resist 
pattem less dependent to mixing bake and which has excellent vertical 
cross-sectional shape in the pattem, and which do not cause imnecessary 
cross-linking or scraping at the bottom of the resist pattem at the time of 
forming a resist pattem using a chemicadly aimplified resist may be 
obtained. 
[0002] 

Recently, in the field of manufacturing semiconductor devices, a widtfi in 
separation in ihe wiring layer or the insulating layer required in the 
manufacturing process has become smaller as the degree of integration 
proceeds on the device. Therefore, active rays used in lithography has 
made a shift to have shorter wavelengths, and currently, far ultraviolet 
rays, Excimer lasers represented by KrF or ArF have become core 
technology. On the other hand, in the aforementioned lithography, a 
chemically amplified resist has been gradually used as a photoresist. The 
chemically amplified resist is a resist utilizing catalytic action of the acid 
generated by irradiation of radioactive rays which exhibit high sensitivity 
and high resolution, and is a compound which generates acid by 
irradiation of radioactive rays, hence there is an advantage in that an 
amount of acid generating agent used may be suppressed. 
[0003] 
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However, there is a limit in making the size smaller due to limit in the 
wavelength used in exposure. Thus, there are many suggestions to enable 
preparation of a fine resist pattem beyond the limit of the wavelength, in 
terms of materials for forming fine patterns to be disposed on the resist 
pattem formed by lithography, or a method of forming fine pattem using 
such materials, (in Patent Publication No. 2723260, Patent Application 
Laid-Open No. 6-250379, Patent Application Laid-Open No. 10-73927, 
and Patent Application Laid-Open No. 10-163093), 
[0004] 

Here, a method for forming fine resist pattem as disclosed in Patent 
Publication No. 2723260 performs patterning of an electron beam resist 
such as polymethyl methacrylate, coating a positive type resist on the 
resist pattem, and by heating, a reactive layer is formed at an interface of 
the resist pattem and the positive type resist layer, followed by removing 
a non-reacted portion of the positive type resist pattem. A method as 
disclosed in the Patent Application Laid-Open No. 6-250379 forms a 
reactive layer by utilizing a heat cross-linking by acid or acid generating 
agent in between an imdercoat layer and an over coat layer. The method 
as disclosed in Patent Application Laid-Open No. 10-739247 is a method 
for manufacturing a semiconductor device which utilizes a material for 
forming a fine pattem, the material for forming a fine pattem is formed as 
a coating solution for an upper layer resist which does not contain 
photosensitive components and contains a water-soluble resin and/or 
aqueous cross-linking agent or a solution in which mixture of these are 
dissolved in an aqueous solution. 
[0005] 

These metiiods are preferable in easily forming a fine resist pattem using 
a material for forming a fine pattem (upper layer resist) beyond the limit 
of wavelength of the photoconductive resist (imder layer resist), however, 
there are problems such as cross-linking occurrence in an unnecessary 



portion at the bottom of ihe resist pattern, generation of buckling 
structure, inappropriate perpendicularity in the cross section of the 
material for forming fine pattern, or fluctuation in size of the upper layer 
resist pattem due to mixing bake which heats to cause cross-linking, and 
thus, these metihods are not fully satisfying. 
[0006] 

[Problems to be Solved by tine Invention] 

Under such circumstances, the present invention is intended for use in 
forming a fine resist pattem which is formed by a conventional 
lithography, and for the purpose of providing a coat forming agent for 
micro fabrication of resist pattem and a method for efficiently forming a 
micro pattem utilizing the agent to suppress generation of unnecessary 
cross-linking at the bottom of the resist pattem or buckling, and which 
also forms satisfying perpendicularity in the cross sections and less 
dependent on mixing hake. 
[0007] 

[Method for Solving the Problem] 

As a result of keen studies directed toweird formation of fine resist 
patterns, the inventors of the present invention have found that an 
excellent pattem can be formed by using the coat forming agent for micro 
fabrication of resist pattem which contains water soluble nitrogen 
containing organic compoxmd and a certain type of surface active agent if 
necessary, along with water soluble cross-linking agent or water soluble 
resins, and attained the present invention. 
[0008] 

Namely, the present invention provides a method for fabricating a micro 
resist pattem comprising the steps of: 

forming a resist pattem by forming an image, exposing the image and 
then developing the image by using the coat forming agent for micro 
fabrication of resist pattem which comprises: (A) at least one selected 
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from (a) water soluble cross-linking agent and (b) water-soluble resin, 
and (B) water soluble nitrogen containing organic compound and if 
necesssuy, (C) surface active agent comprising fluorine atom and silicon 
molecule, and providing a photoconductive layer comprising a 
chemically amplified resist on a substrate, and after exposure and 
formation of the image, developed to form a resist pattern, and on the 
resist pattern, the coating for forming a fine resist pattern is coated, and a 
step for forming a coating for forming a fine resist pattern, a step for 
forming a reactive layer at an interface of the resist pattern and the 
coating for forming a fine resist pattern, and by using an aqueous solvent, 
a step for removing a non-reacted portion of the coating for forming a 
fine resist pattern, in sequential order. 
[0009] 

[Mode for carrying out the Invention] 

In the coat forming agent for micro fabrication of the resist pattern of the 
present invention, as a component (A), one or both of (a) water-soluble 
cross-linking agent, and (b) water soluble resin is used. There is no limit 
for the (a) water-soluble cross-linking agent, and may be selected from 
those know in the art. Examples of the water-soluble cross-linking agents 
include melamine derivatives, urea derivatives, ethylene urea derivatives, 
benzoguanamine derivatives, or glycol uril derivatives which has 
hydroxy alkyl group at N position, preferably a hydroxy methyl group or 
alkoxy alkyl group, and preferably alkoxy methyl group or having both 
of them. These may be used alone or in combinations of two or more, 
however preferably, a glycol uril in which the hydrogen atom in the 
imino group is substituted by a hydroxy methyl group, that is a 
tetra(hydroxy methyl)glycol uril having 4 hydroxy methyl groups which 
completely dissolves in a water is preferable for its stability in storage, 
good cross-linkage forming ability, and moreover, miscibility to 
water-soluble resin. An example of such substance may be a "Cymel 
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11 72'^ (manufactured by Mitsui Cytec. Trade Name) available in the 

market. 

[0010] 

On another occasion, tfiere is no limit for a water-soluble component (b), 
and may be appropriately selected from those publicly known or those 
mentioned in for example, Japanese Patent Application Laid-Open No. 
10-73927. Specifically, polyvinyl acetal or polyvinyl pyrrolidone may be 
preferred. Example of the pol)rvinyl acetal may be "Ethrek KW-1'' or 
"Ethrek KW-3" (both manufactured by Sekisui Chemical Co., Ltd. Trade 
Neune) available in market. For polyvinyl pyrrolidone, products such as 
''Luviskol K-60 (weight average molecular amoimt 160,000)", "Luviskol 
K-80 (weight average molecular amoimt imknown)'', "Luviskol K-90 
(weight average molecular amoxmt 1,200,000)''' (all manufactured by 
BASF ) are available. These components (b) may be used alone or in 
combinations or two or more. 

[0011] In ti\e coat forming agent for micro fabrication of the resist pattern, 
a component (a) alone or component (b) alone or both components (a) 
and (b) may be used in combination as component (A). In case of using 
the combination of (a) and (b), a mixture ratio of 1 to 35 percent by weight 
of component (a) witii 99 to 65 percent by weight of component (b) is 
preferable, and specifically, 1 to 20 percent by weight of component (a) 
witfi 99 to 80 percent by weight of component (b) is preferable. 
[0012] 

A water-soluble nitrogen containing organic compound is used as the 
component (B) in the coat forming agent for micro fabrication of the resist 
pattern of the present invention, by blending this, a pattem which even 
more micronized having good perpendicularity in the cross sections can 
be obtained. 
[0013] 

There is no limit for a water-soluble nitrogen containing organic 
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compound of the component (B) as far as the component is soluble in an 
aqueous-solution used for prep£tration of the coat forming agent for micro 
fabrication of the resist pattern and which is compatible to the component 
(A). An example of such water-soluble nitrogen containing organic 
compoimd includes aliphatic amine. 
[00141 

Examples of such aliphatic amine include: lower alkylamkie such as 
trimettiylamine, ettiylamine, diethylamine, triethylainine, n-propylamine, 
di-n-prbpylamine, tri-n-propylamine, isopropylamine; lower 
alkanolamine such as monoeihanolamine, diethanolamine, 
triethanolamine, di-n-propanolamine, tri-n-propanolamine, 

diiopropanolamine, triisopropanolamine. Among these, from the 
perspective of improvement in perpendicularity in the shape of 
cross-sections and miniaturization in the size of the patterns, lower 
alkylamine or lower alkanolamine such as diethylamine, 
monoethylamine, monoethanolamrne, diethanolamine, triethanolamine is 
specifically preferred. 
[0015] 

In the coat forming agent for micro fabrication of the resist pattem of the 
present invention, the component (B), water-soluble nitrogen containing 
organic compound may be used alone or in combinations of two or more 
types. The preferable amount of content is in the range of 1 to 20 parts by 
weight per 100 parts by weight of the component (A). When the amount 
of the component (B) is lower than 1 parts by weight, an effect of adding 
the component (B) may not be fully appreciated while when the amoimt 
exceeds 20 parts by weight, in some cases a cross-linking reaction does 
not occur due to deactivation of acids. A more preferable amoimt of the 
component (B) when considered a valid effect of addition and 
cross-linking reactivity, falls in the range of 2 to 10 percent by weight. 
[0016] 
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The coat forming agent for micro fabrication of the resist pattem of the 
present invention is used as an aqueous solution by dissolving the 
component (A) and component (B). Usually, water is used for such 
aqueous solutions, however, an organic solvent such as alcohol which has 
affinity to water may be used as a mixture. The content of the component 
(A) in the mixture is preferably in the range of 2 to 20 percent by weight, 
and more preferably, 3 to 10 percent by weight 
[0017] 

In the coat forming agent for micro fabrication of the resist pattem of the 
present invention, in order to improve the coat forming ability, a surface 
active agent containing silicon atom and fluorine atom in the molecule in 
the amoimt of 0.01 to 1.0 parts by weight, or more preferably 0.03 to 0.1 
parts by weight against 100 parts by weight of the component (A) may be 
contained as a component (C) as necessetry. Preferable examples of the 
sxirface active agent include non-ionic fluorine and silicone type surface 
active agent in which perfluoroalkyl ester group, alkylsiloxane group, 
and oxy alkylene group are bonded. Such surface active agent is available 
for instance as ''Megaface R-08'' (Trade name. Manufactured by 
Dai-Nippon Ink and Chemicals Incorporated.) 
[0018] 

A method for forming a micro pattem of the present invention comprises 
a step for forming the resist pattem, a step for forming a coating by the 
coat forming agent for micro fabrication of the resist pattem, a step for 
heating, and a step for removing a non-reacted portion. 
[0019] 

The step for forming the resist pattem is a step for providing a 
photosensitive layer on a substrate comprising a chemically amplified 
resist which contains an acid generator, and after forming an image and 
exposing with light, is developed to form a resist pattem. The chemically 
amplified resist may be suitably selected from a positive type or negative 
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type chemically amplified resist conventionally used. This chemically 
amplified resist mainly comprises an acid generator and a fOm forming 
component which changes solubility in an alkaline solvent due to effect of 
acid generation. As a film forming component in the positive type resist, 
usually a polyhydroxy styrene, a group which suppresses dissolving and 
preserves a portion of a hydroxyl group such as a tert-butoxycarbonyl 
group, and a tetrahydrop)n:anyl group may be used. On the other hand, 
as a film forming component in the negative type resist, a polyhydroxy 
siyrene which preserves a portion of a hydroxyl group by the above 
mentioned group which suppresses dissolving, or a combinations of an 
acid cross-linking substance such as melamine resin or urea resin into 
resin components such as polyhydroxy styrene or novolak resin, may be 
used for a film forming component. 
[0020] 

A conventional method can be used as a method for forming a resist 
pattern using a chemically amplified resist. For instance, on a substrate 
such as a silicone wafer, a solution of the chemically £implified resist is 
coated by, for instance, a spinner, and dried to form a photoconductive 
layer, and by irradiation of ultraviolet rays, deep-UV, Excimer laser and 
the like utilizing a contracted projection exposure device is carried out by 
intervening a prescribed mask pattem, or by drawing in using an electron 
beam, and heated. Thereafter, developing by alkaline solution such as 1 
to 10 percent by weight tetramethyl ammonium hydroxide solution, and 
thus the resist pattem may be formed. 
[0021] 

Next, the step for forming a coating film is a step for forming a coating 
film by coating the agent for micro fabrication of the resist pattem onto 
the resist pattem obtained in the step for forming the resist pattem. The 
method for forming a coating film usually performs a coating of the 
solution onto the resist pattem utilizing a spinner, and thereafter 
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performs heat drying treatment for 30 to 90 seconds under 80 to 100 °C. 
The ihickness of the coating layer preferably is in the range of 0.1 to 
0.5|im. 
[0022] 

Further, fhe step for heating is referred to as a mixing bake, and by 
heating, forms a water insoluble reaction layer in between the resist 
pattern and the coating film for micro fabrication of the resist pattern. At 
this time, heating is performed for 60 to 120 seconds xmder 90 to 130 "^C. 
By performing, the heating, acid component penetrates into tiie coating 
film and cross-links, and reactive layer is formed at an interface of fhe 
resist pattern and the coating film. 
[0023] 

The final step for removing is a step for removing a non-reacted portion 
in the coating film by aqueous solution leaving a reactive layer which is 
insoluble to water formed in tiie step for heating. At this time, generally, 
a pure water is used as the aqueous solution, and by rincing with this 
pure water for 10 to 60 seconds, tiie non-reacted portion is removed. 
[0024] 

By performing the above steps, a micronized pattem having fineness 
beyond fhe resist pattem can be formed. The resist pattem can be a 
line-and-space pattem, or a hole patter, and generally the hole pattem is 
used. 
[0025] 

[Effect of the Invention] 

The coat forming agent for micro fabrication of the resist pattem of tiie 
present invention is used to even further to micronize the resist pattem 
formed by a conventional lithography, utilizing a chemically amplified 
resist, suppresses generation of unnecessary self cross-linking at the 
bottom of die resist pattem or buckling, and moreover keeps a excellent 
perpendicularity in the cross sections, and obtains a cross sectional shape 
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which is less dependent on the mixing beike, and allows micronization in 

the size of the pattern. 

[0026] 

[Embodiments] 

The present invention will be described hereinafter with details, however, 
the present invention should not be construed to be limited in the scope 
by these embodiments. 
[0027] Example 1 

An aqueous solutiori with solid content of 5% by weight was prepared by 
dissolving in 2014 parts by weight of water, 2 parts by weight of 
tetra(hydroxymethyl)glycol urU (Manufactured by Mitsui-Cytec, Limited. 
Trade name: ''Cymel 1172''), 98 pats by weight of polyvinylacetal resin 
(Sekisui Chemical Company Limited. Trade Name: Ethrek KW-3''), 6 
parts by weight of triethylamine and 0.05 weight parts of non-ion fluoro 
silicone surface active agent (Manufactured by Dcd-Nippon Ink and 
Chemicals Incorporated. Trade Name: ''Megaface R-08"). Thereafter, by 
filtering through a membrane filter having an open diameter of 0.2]im, a 
solution of coat forming agent for micro fabrication of the resist pattem 
was obtained. The solution was left to stand in a closed brown bottle 
container imder 25 °C, and there was no generation of precipitation even 
after 180 days of standing. Next, on a silicone wafer, a solution of a 
chemically amplified positive type resist (Trade Name: "TDUR-P015'' 
Manufactured by Tokyo Ouka Kogyo Company Limited., containing an 
acid generator and a polyhydroxy styrene substituted by a group which 
suppress dissolving) is spinner coated, dried for 90 seconds under 80 °C 
to form a resist layer having thickness of 0.7|im. Next, selective 
irradiation by an Excimer laser beam intervening a mask was performed 
by a contraction exposure device FPA-3000EX3 (Manufactured by Ceinon 
Incorporated), and heated for 90 seconds imder 110 °C, thereafter 
conducted paddle development for 65 seconds using 2.38 parts by weight 
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tetraimethylene ammonium hydroxy solution, and obtained a resist 
pattem having 0.22]im in diameter positive type resist hole pattem. Then, 
the solution of tiie agent for forming a coating film for micro fabrication 
of a resist pattem was spinner coated onto titie resist hole pattem, dried 
for 60 seconds under 85 ""C to form a coating layer with thickness of 
0.2|im. Thereafter mixing bake was performed for 90 seconds tmder 
118 ""C and rinced 20 seconds by ptire water, thereby obtained a 0.13|im 
hole pattem having an excellent vertical shape on the substrate defined 
down to tihe bottom of the substrate. On die other hand, variation in size 
of tiie pattem against a mixing bake per l^'C was ceJculated as 10nm/°C. 
[0028] Example 2 

Other than replacing the triethylamine to a monoethanolamine in the 
Example 1, an aqueous solution containing a solid content of 5 percent by 
weight was prepared in the same manner as in Example 1. Then, by 
filtering by a membrane filter having a hole dieimeter of 0.2]im, a solution 
of ihe coat forming agent for micro fabrication of the resist pattem was 
obtained. The solution was left to stand in a closed brown bottie container 
at 25 °C, no generation of precipitation was observed even after 180 days. 
Next, after forming the resist hole pattem of the positive type of 0.22pim 
on the sUicone wafer in the same manner as in Example 1 using ihe 
solution of tiie coat forming agent for micro fabrication of the resist 
pattem, performed the same maimer in Example 1, and obtained a 
0.13|m[i hole pattem having an excellent vertical shape on the substrate 
defined down to the bottom of the substrate. Variation in size of the 
pattem against a mixing hake was calculated as 10nm/°C. 
[0029] Example 3 

Other than replacing the polyvinylacetal resin 98 parts by weight to 100 
parts by weight of polyvinyl pyrrolidone (Manufactured by BASF. Trade 
Name: ''Luviskol K-900"), and not using the tetra(hydroxymethyl)glycol 
uril, an aqueous solution containing a solid content of 5 percent by 
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weight was prepared in the same manner as in Example 1. Thereafter, by 
filtering using a membrane filter having hole diameter of 0.2pm, a 
solution of the coat forming agent for micro fabrication of the resist 
pattern was obtained. The solution did not cause a precipitation even 180 
days after standing in the closed brown bottle container at 25 *^C. Next, 
after forming a 0.22]mi resist hole pattem of the positive type on the 
silicone wafer in the same manner as in Example 1, the same 
manipulation was conducted as in the Example 1 except that the 
temperature of tfie mixing bake was altered from 118°C to 124^C using 
the solution of coat forming agent for micro fabrication of the resist 
pattem, a 0.16]mi hole pattem having an excellent vertical shape from the 
substrate defined down to the bottom of the substrate was obtained. The 
variation in size of the pattem against a mixing bake was calculated as 
10nm/°C. 

[0030] Comparative Example 1 

Other than altering the amount of tetra(hydroxymethyl) glycol uril to 15 
parts by weight, polyvinylacetal resin to 85 parts by weight, and not 
using the triethylamine, an aqueous solution having solid content of 5 
percent by weight was prepared in the same manner as in Example 1. 
Thereafter, filtered by a membrane filter having 0.2]im in hole diameter, a 
solution of the coat forming agent for micro fabrication of the resist 
pattem was obtained. The solution did not cause a precipitation even 180 
days after standing in the closed brown bottle container at 25 Next, 
after forming a 0.22|im resist hole pattem of the positive type on the 
silicone wafer in the same manner as in Example 1 and conducted a same 
procedure using the solution for coat forming agent for micro fabrication 
of the resist pattem as in Example 1, the bottom portion was cross-linked, 
and thus complete definition was not obtained. Further, the size of the 
hole pattem size was 0.15pm. Moreover, variance in the size of the 
pattem was 20nm/°C. 
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[0031] Comparative Example 2 

An aqueous solution having 5 percent by weight solid content was 
prepared in the same manner as in Example 3 except that the 
triethylamine was not used. Next, by filtered through a membrane filter 
having a hole diameter of 0.2imi, a solution of the coat forming agent for 
micro fabrication of the resist pattern was obtained. The solution did not 
cause a precipitation even after 180 days of standing in the closed brown 
bottie container at 25 °C. Next, after forming a 0.22]im resist hole pattem 
of the positive type on. the silicone wafer in the same manner as in 
Example 1 and conducted the same procedure using the solution for coat 
forming agent for micro fabrication of the resist pattem as in Example 1 
except altering the temperature of the mixing bake from IIS^^C to 124**C, 
the bottom portion was cross-linked, and thus complete definition was 
not obtained. Moreover, variance in the size of the pattem was 20run/°C. 
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[0 0 0 2] 

Stt^<D^iSg{tdSjl;^. li^^^. K r F3JliA r F 

TiS/^T'i < T J: V ^ V > 9 fiJ^ Sr* UTl ^-5, 
I00031 Uyi^u/j:;4se). :i<oJ; 5 ^tc y y w — 

»roV^T<oeS:ftAS#t«c«^$ixTV^a (!|#^m2 723 
2 6 0^nMt<£in. #B3¥6-2 50 3 7 9^4^^. It 
Ha^P 7-281449 #M2p 10-73927 

10-16309 3^4^ii) , 
[0 0 0 41 #flF^2 7 2 32 60*S«4& 

ffi^c:fS«c^^^TV'>S:^^£^±. ;K y ^ ^/i-^ ^J' y i — ^ 

4tBg¥6-2 5 0 3 7 9^^ffil;lSB«Si^x^^5:^^ 

:)3mX'h^ #5^5^ 10-73927 ^^«t;i|Btg$ 
[0 0 0 51 m^<^:^feW:. ^JtttUv^^^h (Tew 



3 

[0006] 
10 0 0 71 

10 0 0 81 -r«ip*,/*|g|gHt, (A) ('f) 

■biai:. (B) 

!? (C) 5^^rttw7->lSil^i:<>-^'^J^^^i:S:#-t-<5# 
SrJ^^^-tt^Xg. ci<ouv?x^. hx-?^— ^'ilr, iiEu- 30 

(0 0 0 9] 

ffl^?f^^Si!lC*JV>Tli. (A) fig^J-tL-C. (-f) * 40 
^tt^lgjSI&O: (n) 7k^ttWHg<OV^-rix*^-:^. X(4 
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1 1 72J (H#1^-r7^s/^'tfdKs iSp'S.*) tUTA^ 
[ 0 0 1 01 (D) L-ct±# 

lw$!|ffitt^t<, fS§3t=4i»«??fc<7), fi^xitfi^Bispi 0-7 
3 9 2 7^42t«»c:iE*fe$nTV><5t>K>/i:ffroitid»t, 

— yUSVjKi; f^yueny K>'75SjfFjST-i)-5. ±iS>i«!; 
f =yi^Tt^— yut bXtt, M^tfmiRiS. f^:^U'y9 
KW-ij . r3i;^uy^rKw-3j (v^■f^^'bar*^b 

jKy t'=yn^ci D K^t bTtt. fi»J^«mign''p TL u v 
i s k o 1 K- 6 O m&W-i^i^fm 16 0. 00 
O) J , TLuviskol K-8 0 
»T§^) J. TLuviskoI K-90 m&W-*^ 
ii^^Ml, 2 0 0, 0 0 0) J (l-'-riX'blf— • Jt-f . 

r 00 1 1 1 ^^mnui?:^ h^<9~'^w^mimmmm 

fiE^t (D) fi£$>Sr»ffl^5lt-g-lc:»4. (^) 
^>1~3 5«a%&U5 (a) ^£5^9 9~6 5«a%Wfd 
^T-fflV^5(OA5iif*L<. (-f) ^^>l~2 0fifi 

(n) ^$^9 9~8 0«g%WS4-§-efflV^5<O*S 
»*bV^ 

10 0 121 h^<if—>'Wim{t.mmmm 

CO 0 1 31 Z<7> (B) ^^^(D*^tt^|||SlWai'fb-&i^ 

i^m\<^hti?>^j^Mi::mmv. A^owim (a) sg^^t 

loo 1 4] :i<Dms^mr i::^<r>mtvx^i. 
yUT5X, ^^yWT^i', 5>3Lf=-yi'T $ V. hU^^yu 
T 5 i^, n - f yur * i? - n - 7*0 IfyUT 5 

h y - n - -To hVuT 5 V, 'i' y ^'^a h'yUT 5 



5 

/^y— /UT^V, MJ - n - 7'n>'</— 

- >'»f ® JB4*t<7>fiii:t4<7>es:»s v-"?^' — X(o 
[0 0 151 3js:«W(ou-:^;^ h''<i'~>'WLmtmmmm 

^^lc*^^^Tl±, (b) 

ffl^<^T>bJ:v^o ^rw^Wili. fltrfS (A) fi£5^iooS 
»§5a»). i~2oaS:S5©©H*sjiF^bVv 

mA^immn^mx't± (b) ^^»srjs*obfcS6**s+^ 

re* (B) 

J:»)^fF*Uv^^*«^4 2~l Ofifi%o«gffl-Cfc5, 

too 1 6] ^^^BJOUv?;^ h^^^J'— ^-m^ftffl^J^ 
^Mti. Mie (A) ^^>&U^ (B) fife:5>Sr7K^«SE(*:»r^ 

^a^+iO^ (A) fife^><Oi8*t LTtt, 2~2 0afi 
<ttl3 3~l Ofift%(^^iadS»*L-V^ 

10 0 17] :^^m(r)u-i^^ h-'<^~:^^mitmmmm 

(C) fife^^tUT. ^>^rtJC7s/5tfll^Ft<r^^Jl^^t 
Sr*i-5#ffie^4?RI«:. fltJiE (A) ^^lOOMSUm 
•3. O. 0 1 — 1. 0fi»gC, iif*U<li0. 03~ 
O. IfifigCW^HT-^^-^f-ar-Sr t;4ST-#^.„ ±I5# 

fififfaiD'& r^t^^ry^'R-o 8j (:*:B*^>':J^<t^ 
[0 0 18] *^?qro'<S*(B/<^->-ff^^:^jfe(l. 

[0 0 19] :i<di^'J:k h/^^'-^-Ji^^iett, 
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5. ^:ifS^i?:^ H:::l3V>Ttt. StlR?gfig^^>t 

[0 0 2 0] w<^<t ^/i-ffc^iS^sS^i?;^ KSrfflV^Tl^ 

9. {^^ilft, dee p-UV. — -^—^iiif 

0«x.tfl~l 0S4%7^ h7P«^/»'T>'*=?>At Kn 

[002 1] iJcjr, ^jgj^gxsii. ±^ui^y^ hy<^ 
— >'j^^xst?#6>*tfc^i?;^ h-'^^'— i'ijc. atriB^^: 

=fiTU. ^SrJI?^SltSxmt?fc5o ^^«0?^^;^S*i: 

30 ;^ h-'^^— >'±Jr^:<&bfc<^>*>. 8 0~ 1 O 0"CS*<O 

?a£ST-3o~9og»raeM^*oiRips:j!ii«iauT. mmirm 

fig^-tirS. r<;)^05j?$i:UT»±, O. 1~0. Su 
too 2 2] A0?lftft!.3SXSt±*.#->:^^i'-<— 

~ 1 3 0"CSft<OS«IC*5V^-C, 6 0—12 Og>rae* 

1 0 o 2 3 1 «^wBS55fexstt, ±iE*p?8iiaaxg-cj^ 

giJ^^S:, *^^^lrJ;«?l^5fe-t-5X;g-C-fo2.„ Z(Dm. 
1 0~6 0S>r.3i5>-f-<'Ci:tJ:J;»). 1^$¥BHtM^t>m^ 
( 0 O 2 4 1 Jeiioxgfr J; I? , uv?^ ») 
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[0025] 
10 0 2 6] 

foo2 7] mmmi 

Thy (t Kt3:^->y^/i^) ^^y 3— /n> y/u 
'f-T's'^tfcS?. Sp'Siife ^i^^;</n 17 2J ) 2A& 

fzxLjK Uy^ KW- 3 J ) 9 8 mmU. h D ^^/U 20 

rs'^'R-OSj) o. 0 5aa:gBSr*2 o 1 4SSgS 

<^^f«S:»fc. r(0^ffiSr«fflLfc«fetf>'|c-C2 STC 
T-»gLfctr^. 1 8 0 Bilf^TttfrttJi^fO^^ll/i 

h<omm-Vh^^&^ TTDUR-POISJ (^M 30 

^UT, 8 0tT-9 0#PBiaj^in.SS:m\ JKJ?0. 7 

FPA-3000EX3 (=35^-*- / ^-tfc®) lei?), Kr 

F re ->-^ t^— f -?fe ^ ;^ ^ ^ b ^e<j t fi?.lt u 
1 1 o-CTS oS-faWDSftiSiSb. ^5:^^T-2. 3 

8 MM%r- h 7 P< ^/WT V^::^ ^> A b K n ^ 2^ K*^Sf 
t?6 5#Bg/-?K-'l'm«-f--5C:i:JC^»J, O. 2 2,«m(D 

BaaaiiaSSrnv \ JKJ? O . 2 /x m<^^=£r J^^S; Ufc. 
^izi 1 s'Cx-g o?i.H$#>^^^-<— ^'^IfVN^ 
Jfi7kT-2 O^j-frgi^t-CrtJcJ;!?. 0. 1 3 ;i 

^<^'->1>--f X(D|f^kg$:*it,fcf::i;Sl 0 nm/'CT- 
[0 0 2 8] mmi^2 50 
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Hfg^5aS%<r>7k»ffl!i: Ufc. JfcV^l?. ?LS;4So. 2 

fc, -<^^?SSr?gfflUfc©felf>'{c:T2 

1 8 0HiirTfc#f^ii^<o5B^tt/j^^^. gcjc. 
^Ife^l t^^jrUTi^y >^Nj:lro. 2 2az 

lilRl^^aMlf^STfTofctr^. O. 13 

m^tltz, ^fc^.^^^-X-t^-fXrolgitittl Onm/ 
[0 0 2g]|llgM3 

MMMi\ci3\,->x. sJ?y tf=/i'T-fe^'— /PiWJjgg as* 
Seofti^ :lf y f i^/wen y K^- (bf— • ji^" • 
^ • ^:7tfcfg, fgo^^ TLuviskol K-9 
Oj ) 10 0SfigBS-fflV\ ;i»07^h7 (t Knd^->^ 

SKJgfiS3W«^SK?£rf§fc, rw^jftiSr^&H bfctSfef^- 
JCT 2 S'CeifJcaLfci: r 1 8 O 0i§#*Tt>^aii^ 

<o^^\±f£\\ ^iz^ mmMi tmmizi^xi^}} =1:^^ 

^— ✓Nilco. 2 2 /im^JJjf S^fScoUi;?;^ h^— ^u^'^^ 

<7?^^^Srfflv^. i^->:^r^~i^m.^^l i 8T:;!i^t>l 

tZ^, 0. 1 6 Mm*— — v;*?*^;*^?,^!!:/^ 

-y-^" Xc>^^t;l:{i 1 0 nin/*C-C-*>ofCo 
[0030] JttJsM 1 

SJSMi ^::*5^^T. Thy (t KQ=^rv'/f^/i') ^y^ 
-/u^^ y /KOftS: 1 safiSBIw, xKy bf^^^wr-t^'— /u 

Fs^^fj:A^':>tz^i:umi. MMm i tmmizvxmm^^ 

/ >':7'7 /u^— S:^^,^T-5►iiii-■6r irJr ioT. 

(ommi:^mLftm^)^>'izx 2 s-cx-i^Bb/ct:: 

1 8 OB^@#■Tt>t»fal^l%^ofg^feli/£^\ t^cj;::, MM 
091 tl^«lrbT->y n^'^'it— /N±tCO. 2 2/xm«3!) 

— ^'CD-y-^'XliO. 1 5 /utnT-*jo/c. — 
^-y^-f XcO'^<t:»fi2 O n m/"CT-*>o^c. 



9 

(003 1] tt^m 2 
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1 1 S^A-^ 1 2 4'C{C^;tfcW^1-tt. HiSMl 
m^±2 O nm/'Ct?*>o*:. 
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